Fourteen blood samples collected from dogs that were seropositive for Ehrlichia canis were examined for the presence of the citrate synthase gene using a highly specific and sensitive novel polymerase chain reaction assay. The assay detected E. canis DNA in 3 dogs. The complete nucleotide sequence of the citrate synthase gene was determined in 2 of the test-positive samples, and represents the first sequence of the gene to be derived from Italian isolates. The sequence data displayed high identity (99.2%) between the geographically separated Italian samples and the Oklahoma strain of E. canis. The high-sequence conservation revealed by molecular analysis confirmed the usefulness of the citrate synthase gene as a target for detection of E. canis.
<!?show "fnote_aff1"$^!"content-markup(./author-grp [1] /aff|./author-grp [1] /dept-list)> Ehrlichiosis is an infectious disease caused by various ehrlichial bacteria in many mammalian species including dogs, cats, other domestic animals, and humans. The causative agents are Gram-negative, obligately intracellular bacteria of the family Anaplasmataceae 2 that replicate in blood cells such as platelets, monocytes, or granulocytes, depending on the bacterial species. Ehrlichia canis is the etiologic agent of canine monocytic ehrlichiosis (CME), a chronic disease of dogs clinically manifested by fever and hemorrhage. 4, 5 The worldwide distribution of E. canis is now recognized as being related to the presence of Rhipicephalus sanguineus, the main vector of the bacterium. 6 Diagnosis of CME is difficult because of the multiple clinical manifestations and the presence of serologic crossreactivity among the various ehrlichial species, especially among species belonging to the same genogroup, such as E. chaffeensis. Serologic differentiation between E. canis and E. chaffeensis, the causative agent of human monocytic ehrlichiosis, is especially problematic since the pathogenic role of E. chaffeensis in dogs remains unknown. However, experimental study has documented the dog's susceptibility to E. chaffeensis infection and its role as a natural host for E. chaffeensis. 10 Because of the possibility that dogs under natural conditions can be infected by both E. canis and E. chaffeensis, there is need for laboratory tests to differentiate between the 2 bacteria. Sequencing of the genes encoding the p30 surface protein and 16S ribosomal RNA (16S rRNA) has revealed a close genotypical relation between E. canis and E. chaffeensis. 3 Consequently, laboratory assays commonly used for the diagnosis of both infections may be of low specificity because of cross-reactivity. In a recent study, sequence analysis of the citrate synthase gene (gltA) of 13 species of Ehrlichia and Anaplasma 3 indicated higher interspecies nucleotide variability than that observed for the 16S rRNA gene. This suggested that the gltA gene could be used as a target sequence to better differentiate closely related ehrlichial species. Furthermore, the polymerase chain reaction (PCR) analytic methods currently used for the diagnosis of E. canis are time consuming because they rely on a 2-step (nested) assay, 8 although some researchers have reported the assay to be 1,000-fold more sensitive than the 1-step (non-nested) assays. 7 The objective of the study reported here was to describe the development of a novel 1-step PCR assay targeting gltA that can be used for specific identification of E. canis in clinical samples. We also report the characterization of 2 E. canis strains from geographically separated areas in Italy and the determination of the complete sequence of their gltA gene. The PCR assay was developed using the Oklahoma E. canis strain a propagated in the DH82 (canine macrophage) cell line, a as described. 8 Fourteen blood samples were collected from dogs that were seropositive for E. canis by results of the indirect fluorescent antibody (IFA) test, 8 with titer between 1:1,280 and 1:81,920. Canine blood samples were submitted from private veterinary clinics in Teramo, Isernia, Caserta, and Frosinone (central Italy). The EDTA-anticoagulated blood samples were centrifuged at 1,600 3 g for 20 minutes. Peripheral blood mononuclear cells (PBMCs) were isolated by overlaying the buffy coat on Histopaque 1077 b ; then, the interface fraction containing mononuclear cells was collected and washed twice with phosphate-buffered saline (PBS). Pellets were then resuspended in 1 ml of sterile PBS and stored at 280uC until tested.
A commercial kit c was used to extract DNA from infected DH82 cells and canine PBMCs according to the manufacturer's instructions. Concentration and purity of the DNA were determined by measuring the optical density at 260 and 280 nm, respectively, using a DNA biophotometer. d The target sequence was a 510-bp fragment located within the gltA gene of the Oklahoma strain of E. canis. The primers used in the reaction were: forward ECF primer; (59-CAG GAG TAT ATG CCT CCT GA-39 (nucleotides 522-541; GenBank accession number: AF304143) and reverse ECR primer: (59-GTT ACT TGG TTT TTC AAT TGC C-39 (nucleotides 1,010-1,031; Gen-Bank accession number: AF304143). These were designed by aligning the complete gltA sequences of Anaplasmataceae species present in the GenBank database using Pri-mer3 software. e The PCR assay was performed in a total reaction volume of 50 ml containing 3 ml of sample DNA, 5 ml of 103 buffer, 200 mM each dNTP, 1.25 U of DNA polymerase, f and 10 pmol of each ECF and ECR primer. Amplification consisted of 35 cycles as follows: denaturation at 94uC for 45 seconds, annealing at 56uC for 45 seconds, and extension at 72uC for 45 seconds. This was followed by an additional incubation at 72uC for 5 minutes to complete the entire extension. Amplicons were analyzed by electrophoresis through a 2% agarose gel, stained with ethidium bromide, and examined under UV illumination. The aforementioned method was used to examine 14 blood samples. Positive (E. canis Oklahoma strain-infected DH82) and negative (mock-infected DH82 cells) controls were included for each PCR assay.
The 510-bp gltA gene fragment was cloned and used to evaluate the sensitivity of the assay. The cloned fragment was amplified from DNA extracted from the blood of one of the seropositive dogs detected by use of the PCR assay. The amplified product was electrophoresed through an agarose gel, purified using a gel extraction kit, g then ligated into the plasmid vector PCR2.1. h The ligation product was transformed into Escherichia coli DH5a, and individual white colonies were selected following growth on Luria-Bertani agar containing ampicillin. Plasmid DNA was purified from overnight cultures, i and DNA sequencing confirmed that the insertion was the gltA E. canis gene. In brief, 10-fold serial dilutions of a known quantity of purified plasmid DNA were added to aliquots of DNA extracted from uninfected EDTA-treated canine blood. The PCR assay was performed on the dilution series, and the detection limit was determined by ascertaining the final dilution at which a PCR product was still visible. The dilution series was quantified spectrophotometrically. d The specificity of the assay was confirmed using DNA templates of the following ehrlichial species: E. chaffeensis (kindly provided by Dr. R. Ganta), j E. ewingii (kindly provided by Dr. G. A. Storch), k Anaplasma platys (kindly provided by Dr. H. Inokuma), l and Anaplasma equi obtained by scraping the cells adhered on commercial slides for the immunofluorescence assay m for Neorickettsia risticii. n The specificity of the PCR products resulting from the gltA gene amplifications was evaluated by HindIII o enzyme restriction, which was chosen using the software Webcutter version 2.0. p Restriction with HindIII (motif. AQAGCTT; restriction sites 841-846 of E. canis Oklahoma isolate AF304143) was predicted to yield 2 species-specific 310and 200-bp fragments from the E. canis amplicon. The digestion was performed in a 20-ml reaction volume containing 103 buffer, 10 U of HindIII o enzyme, and 2,000 ng of PCR product. Reactions were incubated at 37uC for 2 hours. Digested fragments were analyzed by 3% agarose gel electrophoresis and were visualized by ethidium bromide staining and UV illumination. The same ehrlichial species were evaluated by Ehrlichia genus-specific PCR analysis as described. 1 The complete nucleotide sequence of E. canis gltA in PCR-positive samples was determined using 2 sets of primers: gltA1F/gltA1R; (59-TTT TAC GGA AAG TTA AAA ATC AG-39/ 59-AG CTT TAG CAA CAA CTT GAG-39) (nucleotides 1-845 of E. canis Oklahoma, GenBank accession number: AF304143) and gltA2F/ gltA2R; (59-TCA TGG ATT GTC TTA TAG TG-39/ 59-CAT CAA CAT TAC TGT TAT ATT C-39) (nucleotides 761-1,610 of E. canis Oklahoma, GenBank accession number: AF304143). These produced 845-and 848-bp fragments, respectively.
After initial denaturation at 94uC for 2 minutes, PCR amplification consisted of 35 cycles as follows: denaturation at 94uC for 45 seconds, annealing at 56uC for 30 seconds, and extension at 72uC for 1 minute. This was followed by an additional extension at 72uC for 7 minutes. Reaction products were analyzed by agarose gel electrophoresis, purified, q then quantified spectrophotometrically. d The nucleotide sequence of each sample was determined in both directions on at least 2 amplicons and was performed by a private company. r Nucleotide sequences were edited and assembled using the STADEN sequence analysis package. Sequence homology comparisons with related ehrlichial species in GenBank (E. canis Oklahoma strain AF304143, E. canis AY615901, E. chaffeensis Arkansas strain AF304142, E. phagocytophila 1602 strain AF304138, E. equi MRK strain AF304137, E. platys Okinawa strain AY077620, human granulocytic ehrlichiosis agent AF304136 and E. risticii AF304147) were performed by the National Center for Biotechnology Information BLAST network service. The DNA and deduced amino acid sequence of the gltA gene determined from the E. canis strains examined was aligned and analyzed using DAMBE software. 9 The E. canis PCR assay developed in this study produced a 510-bp amplicon which, when digested with HindIII yielded 2 species-specific bands 310 and 200 bp long. The PCR method used was documented to be specific for E. canis. Products were not obtained when the DNA template for the PCR amplification was obtained from E. chaffeensis, E. ewingii, A. platys, A. equi or Neorickettsia risticii. Positive results were obtained when genus-specific PCR was used. The sensitivity of the assay was determined using a dilution series consisting of a known amount of plasmid containing a fragment of the E. canis gltA gene in the presence of DNA extracted from uninfected EDTA-treated canine blood. The detection limit was determined to be 74 fg/ml.
Using the PCR method developed in this study, E. canis DNA was assessed in 3 animals from the Isernia (n 5 1) and Frosinone (n 5 2) areas. After enzyme digestion, the amplicons yielded the same restriction pattern as that observed for the E. canis Oklahoma strain. As expected, amplification of the gltA gene produced 2 fragments 845 and 848 bp long. Sequence assembly yielded a nucleotide sequence of 1,548 bp for each of the 2 samples examined. The nucleotide sequence of one of the samples has been deposited in the DDBJ/EMBL/GenBank databases and has been given accession number AY647155.
Alignment of the E. canis gltA gene sequences obtained from both Italian isolates revealed 100% homology, even though samples were obtained from different areas. The identity was 99.2%, compared with Oklahoma strain gltA gene sequences (GenBank accession number AF304143). Differences found at nucleotide positions 60 and 75 represented a deletion and an insertion, respectively. These nucleotide mutations are silent as the amino acid sequence remains unchanged. The 2 Italian sequences have 87% DNA sequence identity with the E. chaffeensis gltA gene (GenBank accession number AF304142). The nucleotide variability of the gltA gene among ehrlichial species ensures the definitive identification of E. canis without need for further molecular techniques such as DNA sequencing or extensive restriction endonuclease mapping. In fact, gltA gene sequence analysis of the various ehrlichial species revealed a nucleotide identity between 49.7 and 99.8%. This was lower than that found for the heat shock protein gene (groESL) and the 16S rRNA gene, which have an identity between 83.5 and 99.9%. 3 The novel PCR method developed in this study is based on use of a pair of primers, each one of which is situated at the end of a genomic fragment that has a markedly variable DNA sequence among the Ehrlichia, Anaplasma, and Neorickettsia genogroups. The high specificity of the assay for detecting E. canis DNA was demonstrated by the lack of detection of DNA from other ehrlichial species that were examined. Moreover, results of restriction fragment length polymorphism analysis highlighted the uniqueness of the amplicons obtained by use of the novel method. The high sensitivity of the assay was assessed using a plasmid control and was determined to be 74 fg of plasmid DNA. Sequence analysis of the gltA gene performed on 2 strains derived from different Italian geographic areas revealed 100% identity between the strains and indicted that the gltA gene is highly conserved, compared with that of the reference Oklahoma strain. Given the 87% identity between E. chaffeensis and E. canis gltA genes, it is possible to observe interspecies variability greater than that found for other genes. It should be noted that alignment of the 16S rRNA gene of the same samples revealed 97% similarity.
In conclusion, the PCR method reported here might represent a highly specific and sensitive diagnostic tool for E. canis diagnosis without the need for post-PCR assays. The method might also provide a useful tool for the study of E. canis pathogenesis.
